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A gocd start has now been made on the eleotronic circuits to
be incorporated in the hemisphere search detector whose design is the

prirary aim of this study contract. This electronic work is being
carried out by Dr. Stockman,

A meeting was held in Waghington on Octcber 13, attended by
Mr. Deuber of the Nsvy and Herry Steckwan of Poleroid, The mimutes
of this mecting are attached as enclosure 1.

\
Three reporte by M, Stockman dated September 27, September 30,
and October 3 are attached as enclosures 2, 3, and 4,

Enclosure 2 is an gverall purvey of the elecct

This overall survey estatos the framework within which the further dis-
cussion of the electronic system will be carried out.

knoclosure 3 conteins the information which has been accumulated
to date on the switching tubes svailatle, ‘he detailed characteristiocs
of two switching tubes manufactured by the Federal Telecommnicstion

Laboratory and two tudbes manufsctured by the National Union Radio
Corporaticn,

Enclosure 4 ocntaina the result of the study of magnetid am-
plifiers. Corsidersble attention has been paid to magnetic amplifiers
because it 1s hoped that they may be an answer to the old problem of
soupling a low impedance device to the grid of the tube st low fre-
quencies. This coupling may ir principle be sccomplished by trans-
formers, but transformers with the very high secondary induotence re-
quired to yield an impedsnce of one mepohm at one cycle per second are
extremely hesvy and bulky, Jt is hoped that magnetic smplifiers may
permit the use of a much smaller magnetic structure because the magnetic
amplifier me&y be used ss a frequency converter. If a magnetic amplifier
may be used in such a way thrt it does not degrade the signal-to-nolse
ratio of the detector 1tself, it appesra to offer high promise because
the secondary inductance need only be high enough to yield an impedsnce
of cne megohm at, say, 5000 cycles.

Work is now in progress to assemble the information required
for the second report of the scries of which the writer's Soptember 24
report 1s the first member. This information is the amount of water
vspor in the optical peth as a function of the meteorological condi-
ticns, the elcvaticn anple of the source, and the dictence of the source.

CORFIDENTIAL
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This study contract was discussed with Cr. G, B, B, M, Suther-
land when he visited the Polaroild Corporation on October 6. The minutes
of this meeting are attached as cnclosurc 5. A specific design was
worked out for the array of lead sulfide cells to be usel! in the 18
element scanner. If it ie not convenlent to mamufacture thie array

in this country, Dr. Sutherland felt guite sure that it could be con-
structed in kngland.

roj/cbb

Report preparsd by & C/QQ/\‘Q g"r“w

R. Clark Jonee K/]

Approved by e oan R, T WX
Elkan R. Mout
Associate Director of Research
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siputep of a Noetiry ir Pmchip ton op foodénecday. COctober 123, 1048

Contract [{Obar-/2179
Cctober 13, 1948

Harry Stockman

The mecting wvoe held dn the offices of the Buresu of Chips at
the Navy Dopar.oment Pullding on Constitution fvenue on Vedneeday,
Jetokar 13, Picrent were Mr, Herry Devoe:r, Novy, and Dr, Harry Stock=-
man, Polrroid Cerporrtion., The confercnce continued tlrough the day.
The discuscion extended over a vide field., Only a few discussion pointe

of particular interest arc recovded in the foilowing.

1. Plannoed future activities

Siiice the Iast Foleroid Tor cration vieit on September 3, 1948,
Mr. Dauber had lLod ceveral conlerences with experts in the fields of
mngnetic ricording, nagnetic anplificaticn, switcling tubee, etc. It
ig8 the writer's understanding thrt Nr. [ruber plens in due time to
initiate mcetings teiveen the lelaroid research workers and represen=
tntives of varicus f£3irms, supposcdly Armour Research Foundation (mernetic
recording), NRL (merietic samplifiers), and liationsl Union (switching
tubes). JSuch n meeting vi)1 prcbably extend over a period of two daya,
and would certnirly be very much vorth while, Wr. Dauber pointed out
that initinl rreulte may be availuble nex mouth from Armour and NRL,

2. Yisual vreceptctiop

The fine) form of the presentotion unit hns a definite bearing
on the preccding circulits of the hemispheric search detector, and it
ie logical to rive preference in this discussion to the final link in
the search detector system,

If the time constont of the PP1 tube is made long, the contrast
wil) fall off with time, end the responcsc from one 15-~second aweep can
therefore not be hecld over to the following sweep simply by means of a
long persistence screen. For this reascen Mr. Dauber has sugpested thnt
the screen te given a rather short time constent, one-half or one second,
or tgo, and that the persistence be provided artificially, for exsemple,
by means of stornge in magnetic recorders. For this reason the Armour
Research Foundation has tecome invclved in the presentation problem, and
we are expected in the imrodinte f{uture Lo present our problem to the
Armour experts in a precise ard concise form. The writer mentioned that
"memory" tubes, with a dielectric screen operating more or less as an
equivalent to thc phonograph rccord, have teen under consideration by
menufacturors essociated with USAF (example: Raytheon Menufacturing
Coupany). It may be of interest to investigate this metter further.



K ‘l'\

POLARQID CORPORATION - RESELARCH DEPARTMINT

1t mucst be realized thot whatever nrrtificlial persisternce scheme
L6 caxployed, 1t must opcrate richt froor the nolee lesel, which means
thet "memcoriee" of noise wil Yt redistributod all the time over the
entire FP1 mcrecn., 1In crder to prevent sigral-to-noise degradation from
this effeect, und partly to estnhlich a "one in all" presentation, Mr.
Jruber sugested 8 scheme 31luetrated in Fig. 1. Here the functions of
four PPl tibes e¢re corbined {n one, ecach CRC screer hrving tue form of
a circular reprent, radislly divided into 1€ intervnle for the available
18 chtiannel s,

detecred 7 sec ago

It /5 "
il 30 ]
I 40 I i

fraces

Fig. 1

The ring eegments A, B, C, D are idontical except thot they are
of d:{fferont size, Ring A is the up~to~date one, which slows what is
happening "just now,” during the very latest 15-second sweep. Ring B
shows what the "condition" was during previous sweep. Ring C shows what
the "condition" was during the preceding sweep, etc. TVhen the "memory
trace” abcd becomes four l5-second swecps long, the oldest "memory" ie
vwiped out, and the ring D fed from the record that previoualy fed ring C,
end so on. In t!is way a continmuous record of the "past history™ of the
target is maintained, although it may recquire some training to properly
visualize the true concept of the trace abcd.

[" Y. b 20.0on SR IPISIN
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The storage can be accomplished by mapnctic means similer to
those now under considerntion by the frmour Rrsearch Foundatier for
another purpcec. 1t 1s realized thnt this method invol veg circultry
considerably more complicrted than the pingle dimension unit to be de-
veloped by Avniour for SSD operantion. 1t is felt at this time that the
prescentation system for the hemlepheric search detector will be an evolu-
tlon from thic particular device.

Mr. Dauber slso mentioned other forms of presentation, the
oripginel schemer with one CRO screen, showing el]l past target hilstory
in well knewn PP1 fashlon, and other schemes, such as elevotion vs,
azimuth cosrdinate aystems,

A

3. Xhe Nancy-Oue Report

A related proicct to the lhiemispheric search detcctor is "Nancy-
Sue," partly described in Interim Report of Aupust, 1946 ~ December,
1947, by RCA, Cemden, New Jersey, Contract NObar-30143. "“ency-Sue”
utillzeas en infrared device for detection, and then flashes on during
an extremely chort time interval a narrow beam radar for renge determine
ction. The infrered dotcctor utilizes two cells in a bucking scheme,
which arrengement giver certain rivantemges, for example, with respect
to derirahble signel waveform ard neice background.

4. Mappetic omplifiers

Mr. Douber menticned thsat NRL i1a investigating the applfhﬂtion
of mapnetic amplificrs to infrared work and other problems. 7The heed of

this investigation et NRL 3o Mr. H. 1. Clar¥, lnpineering Section, Optice
PMviaion.

It is belicved thrt n porsibility exiats that the mepgnetic am-
plifier, in a future epcc inlized and improved form, provides the ansver
to the problem of amplifyiry the {lermoecouple output

. Automstic gun protecticp

¥r. Dauber 2tsted thot 't would he sufficient here to indicate
the principle of the clrevits rether than to provide deteiled Inform-
Ation, prorticulerly ae the firast mocel to be tuilt would be opornted
esscntially during the pipht  Thle statement nleo npplied to protection
arainst certain overlond conditicna. Cer*eln phases of the research
work on such refinerents s autumatic sun protection sheuld, howaver,
be piven very general cereideration, a8 the choice of nrincipis and
rethods for the e¢scential parte of the electronic circuits to a large
extent determires thc rjpplicability of leter refinements,
6. it ‘uybe ¢ i

It now eppeare rather definite that Netional Union w»ill Lae
able to dsliver a switching tube that fits our necds very well. Lhile

PRl s bk i i Rt i A
i .
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the pumter cf eicetrvdes, 12 in c¢onventicnal tubes, would only permit

an experimentol sycicm of restricted rccoiution clisracteristics, a
"multi-elentroce” type will be availlable in the future with 30 eleotroces.
This sugpests the possibility of tle group of 12 clectrodes for trans-
mission of the synchrcnization signel. v 18 alro possible that National
Union would make & tcost semple with 19 electrodes, cne for synchronizae
tion and 18 for thc charnels,

Tmportint Inlormetiion regarding signal voltsge rcquircments of
the switei:ing tube was given by Mr, Druber, Tubes have been made by
National Union in which a =ignnl in the range of 10-50 microvolts is
datectable above noise.® Napneti=ally focussed tubes are preferable,
na mont applicntions of the ¢leccirostatically focuszed tubes are at
higher signnl levels. The dicturbances in the redinl beam tubes re-
ferred to oriec from two chief scurces. The first is the ordinary random
noines frou shot effect, flicker cffect, and random 4ivieion of current.
The second t pe of disturbance ig generated by the rotetior of the heam,
In peneral it Incrcases with the rotation rate of tie beam and is
otrongest et a frequency equal to the product of the rotational rate
by the number of chennels ccanned per seccond., Jt is therefore advan~
tapeous to operiate with low rotntional deflecticn frequency. The ab-
ronce of scanniug noize depends on having very smooth commutation; again
nnooth commutation may cause ditficulties with respect to permissible
anount of crosstalk between channels.

With referencc to future high resolution types of search de-
tectors with an tncreased numter of cells, it is of interest to know
that Natioral i'nion considers a numher of 50 electrodes, or ro, as the
maximum to be put into a switching tube at the time heinp. Mr. Druber
brielly reviewcd the other proposed solution, the "lobe contour” method
of obtaining high rcsolution, described by the writer at the September 3
reeting in washington.

Vigwprodnts on General Design

Yith reference to Mr. Deuter's information cn the high usefd
sensitivity of the switching tube, it appears thrt a design nmight be
pcssible, whore the ewitchinp tube is arranpged early in the system with
orly a szall amount of amplification prior to each electrode. It was
temporarily assumed that a pignal of a volt or a tenth of a volt would
vreqrire aprroximntely 100 db preamplification. A reduction in input sig-
nnl of thLe erder indicated would cut the db figure to appreximately
helf, In reality, hcwever, various frctors must be trken into cccount
w' ich incrcsec requi.remeats on the emount of preampi‘fication needed,

The quenstion wes dlscussed cf the suitabtle vnlve fer the circuler
deflection f{rocucncy of the cwitching tube, which 1c¢ the ‘seme as the
radirl defllection freovency of the PPI. Valuable ccouments were made,

® e e e e B ® e e A e ® e - e oaaeee -

* far alzo levter of (ctober 11, 1948, frcam E-tional Union to Polrroid -
Corporetion.

- SE i i T POLAROID CORPORATION RESFARCH DEPARTMENT
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but the time did not permit a finn] discission of the subject matter.
It appears that a valne of Z0C cpe or so provides a guod starting out
point for deelpn conslderations.

Mr. Douber broupht up the question of cooling, which is cloeely
sesociated with the problem of type of cell to be used, type of ampli-
fication, etc. lie stated that selenride cells now are within reach,
which will be improved so thet coolinp may not be a necessary consider-
ation in future deeign. This is iwportant, said Mr. Deuber, as it is
impractical to use any conventional cooling cystem on top of the mast,
end it would be elrost necessary to find weys ard azenns for deslgning
unccoled sysiema. (Cooling has, of course, only been considercd for the
"hot" channel, utilizing lerd celenide or lead sulfide cells.) Mr. Davber
sugreasted the Photoemo Comxpany ae a supplier of lead sulfide cella for
experimentsl urposes,

The mechanical eystem @3 it now seems to shape up vould there-
fors heve per channel one cell amplifier imrecdisicly adjacent to the
cell, one preamplifier mounted outside the ”aector-box' contrining the
nirror snd the arc of celle, synchronous commutatore, and, common 4o
el) channels, the switching tube with sssociated circuites ané devioces.
A1l this would rotate, and b« connected via slip-rings to the output
signal lead and line amplifiere and to the various supplies nzeded
(probably a 400 cps power line).

Mr. Dauber suggested that it would be sufficient to provide
the openings in the scanner with silver chloride windows. MNo dome
arrangexcnt ie nceded. The two ephericel mirrore should be srranged
iroide proper houeing ac that the positions and viewing angles could
be varied by means of adjustment screws, It was agreed thet the "hot"
(photocell) chunnel sund the "warm" (thermopile) chennsl can be made coa~
plete in themselves, eo that simultaneous operation on the ssme target
becomes possille for direct comperison.

hs/cbd

-
o
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Jierall Electronic Systep for the Hemisrheric Search Detector, Model 2
Septerber 27, 194E

Harry Stockman

The sclution shown in Fig. 1 was proposed by the writer imme-
diately before the discussicn meeting in Yashington, September 3, 1948,
and Fig. 1, & siiphtly modificd ver:sion of the block diagram presented
during this mccting, merely serves o illustrate the besic principle.
The optical ecenner i1s shown in symbolic form in the left upper corner,
end the presentaticn PP1 tube in the lower left corner, The phyeical
dictunce beiwecn thass two unita 1s that bhetreen the top of the mast
and the contirol or display rocm inside the ship.

Pert of thls proposal is to use a time sequence switching tubdbe
up in the mnet, which yiclds the two advontages of a single line con-
necticn and time £6QUCNCO prosontation on the PPl digplay tube. The
time Givision (multiplex signalling) switching tube is inserted between
the optical ocanner and the lino or down lead. For the time being it
1s assumed that a tute with 18 input elsctrodes is available. The switch-
ing period Tp is then divided into 18 intervals, sach one cf durstion
T 8 ropresenting a chennel. Each time the circuit iz cozpleted through
ectruode 1; cell 1 in the opticel scanner is connected during en in-
torval of time somevhat less than Tp/)® to the PPI tube, and an indi-
cetion will be given on the proper place of the esoreen, The exposure
time o¢ a target (approximately 80 millieeconds) is large oompared to
?p/18, %0 cell 1 will be connecied to the PPI tubs maybe 10 times, or
before the radiation respunse from the target in cell 1 dies down.
The same operalion applies to cell 2, 3,...18. The switching tube is
‘shown symbolically in form of a cathode-ray tube, in which the electron
bean hits 18 eiecctrodes iz requence, the intensity of the beam current
varying in such a way as to follow thz potentials on the 12 electrodes.

The prinociples also involves that rectifiers cr synchronous come-
mitators of proper time constants may be inzerted between the chain of
axplifiers, following the cells, and the input electrodes of the switch=
ing tube. T7This means that whatever chopring component, or carrier, that
is introduced for other purposes in the cells or the preamplifiers, is
c¢liminated by means of filtering before the signals er¢ applied to the
snitching tube. The only variational component that reaches the switch-
ing tute is therefcre the signal component from the target. The switch-
ing tube and pracentation PP] tube circuites are therefore in this first
approash indepcndent of the type of cell used and of possible chopping
or o~rrier insertion required for low noise operstion. This edds flexi-
bility to the system. It furthermore makes it easy to obtain ithe narrow
bandwidths required by S/N corsideration, whereas other aprroaches make
it difficult to obtain the required narrow bandwidth,
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e It i6 estimated thrt tie total amplification from one of the

cil)e to the elestrodes of the PPl tube is of the order of 150 db., 1t

is evident thet eome of this amnlification must be applied immedimtely
follawing the cell to provide low-nolse operation and sufficient inmput
voltage to cperate thre svitching tube, Another psrt of the amplification
should be applied es line amplification between the exitching tube oute
put and the doxn lead, 80 thet the slpnz) will safely override the noise
and inteirference in the line. The third part of the auwplification should
be applied as dieplay amplification between thc bettom end of the line

ané¢ the pressntotion FII tube, It 18 eatimatced with reference to the

many unknown factors in Fig. 1 that the total amplification in a first
approach may be split into three equal parts, or 50 db per amplification
unit. The extremely emall output from the ceils, and the 1likely lack

of vonaltivity of the switchinpg tube probably would favor a eplit such

as 100 +~ 25 +25. Assuring thr same impedance (a few hundrad ohmg)
through the entire system, thie would yield the following vcltage levels
sterting, as en example, witi 0.1 microveclts; spproximately 10 milli-
volte on the switching tube input electroces, approximately 0.15 wvcltis

on “he down lead input, and approximately 2.3 volts on the FPl tube in-
put. These figuree may be off by factors of 100, or so, but illustrete
the principle behind the design.

In Fig. 1 the assumed amplification of 100 db between the cells
and the awitching tube has been further divided into three perts or
units for circuit convenience. The first unit, the cell amplifier, is
builv right into the cell arc end mourted es close as possible to the
indlvidual cells. The sccond unit, or preamplifier, is mounted just
cuteside the optical scanner, but also rotates with it. The third unit
is stotionary and fed via a slip ring arrangement. As a first approxi-
mstion the divislon of gain in the three initial unita may be estimated
ee 30 + 30 140 db, totalling 100 db.

If weipght consjderations permit, it will be deairable also to
place the t:'ird unit and the switching tudbe on the rotetinp pla‘form,

The arranpement of the PPI1 tube snd its synchronisation im

Fig. 1 ¢ as fcllowa: A eew-tooth voltage of frequency 1/Tp ie genersted
in e saw-tcoth pencreter, located clnee to the PPI tube. qhe saw-tooth
voltage 1s used to provide the deflection of the electron beam in the
switching tube, and aleso to provide the radisl sweep in the PPl tube,
thue providing full syachronization. The cells in the opticel escanner
are here mrrked 1 to 18 from the zenith and domn (the old terminology
reversed), and the dirplay units on the screen of the PPI tube marked
1 fto 18 frem the ceninr and out, The dots on the radius indicate "no-
signal® response from eacn cel), and the larger dot the rcsponse from
a terget on, eay, chonnel 1/, i.e., ap;roximately on the elevation angle
124°,  The ecresn may be provided with a rinf pettern or a transparent
over 80 thrt the elcvation anfle can be rcad directly. It 1s aseumed
tat proprr anti-zigzap circuits cen te developed so that the sigszag

‘rrangemcnt cf the cells does not prevent proper presentation of the
sriets on the displey tube.



- - WA ™ h
TT™ ) D4 Ly A\ ; TQLARCID CORPORATION - RESLARCH DEPARTMENT

b,

MNP TT ot
.l . - N i ."--J
“he radivs sweeps arcund the PPl ecreen in synchronise with the
rotetional movement of the opticzal feunner. This may be accomplished
by weane of selwyn motcrs, fed from the ship's 40O cps power system.

The frequency of this rotational movement is rsferred to oe f, end
£y = 1/15 eps.

It 45 of interest to estimate generelly the approximete value of
the circuler deflection frequency fn of the switching tute, which free
quency is ’denticual with the reacdlal ceflection frequency of tre PPI
tube. Tentatively the eignal frequency has been previously assumed to
cover the band 2 to 10 cps, with the center frequency at avproximtely
6 cou. Vnrioue arpuments for increasing or decreasinp the given fre-
(uency value eorn be pivern. Conrider first. a system with optical chopper
cf frequency fc 3 50C cps, say, snd no rectification or synchronous
cczmitetion, 1t then sppears desirable to escan each electrode in the
swltching tube seversl thousand times per recond, so thet many asamples
from each chopring pulse are obtzined. The scanning frequency mey then
he as liigh as fp = 5000 cps, and presently switching tubees seem to
overate up to 10,000 cps. Conrider next a system where rectificution or
cynchronous commutation is employed. The sipnol pulses are here re-
stored prectiecrlly to their initisl form befors beingy applied to the
elcetrodoe of the switching tube. A rather low value of fp is then suf-
ficient, The minimum value is ret by the PP1 tube, for the redisl traces
must be repeated fast enougzh to appear as closcly cpaoed ntraight lines,
nnd the fiequency smuet be hipgh enough not to cauee flicker effect. 1t
appesre that the minimm value is of the order of 100 cpwn, and a practi-
cal systom nay utilise 100 or 200 cps, unlecss special requirements from
other parts of the system necessitute a higher value, In Fig. 1 the
vaiue fg 3 100 1e eatisfactory for the presentation circuits shown, but
is not generally applicatle to all the various kinds of input circuite,
includipnr optical soanning systemr, that must be considered before a
finae) design principle car he arrived at.

The givea discusuion is probably sufficient to give an idea of
the basic principle considered. The writer is well awars of the frct
thet a numher of difficvlties end c-mplicaticne have been avoided or
igncred in this text, such es overloadiny, dynemic renge, time constants,
recovery time, autom~tic sun protection, artificirl soreen persistence,
multiple tarraet response, cooliap protlem, etc. Theae matters will be
d'\scussed in later reporic.
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cwitchinge Tut:s for the
Hemispheric fearch Loetector. sorfel 1
Septecber 30, 194 A {
oy AT .
Harry Stockman =g . L

], QCerergl. There ore probelly lalf a dozen or so switch-
t1:p tute wprnufectuiers in the USA, but the writer has so far heen able
1o contact anly two of them, In the {clloring sone rather sketchy in-
Jormetion i piven or these tubes, but reescmably complcete Informstion
#!11 be rvollatle later; when snswere have been obileined to queetions
recently Jncsuel to Fedcral Telecommuniciation Leboratory, and National
Uridca Radio Cor:eration. At presert very 1little is known ebout switching
tiuneienvs, but thie matler will be piven full conelderstion at a later-
tine

2. Thg Federal "Cyclophons" X 153C and X 153G

“hic tube is built on the idea of spinning the beam in a cethode-
ray tube so thet the display point deseribes & circle, The ordinary
screcn is repleced by a circular eet of 29 elcotrodes, called dynodes,
or collecturs, cr secondsry c¢mittere. The signsl electrode has the
form of a diec with holes in front of cacrh dynode. Figure 1 shows e
circuit diagram of the Cyclophon tube,.

The current cutput of each channel may be insrcased several
times by the use of secondary emisslon fron the dynodes (the aperture
plate then has lipher positive potential lhan the dynodes).

Crosstalk is obteined because adjrcint circuits affcot each
other by either c¢leetric or masnetic inductlon. One difficulty at high
trequency is the inter-dynode capacitances, but at 1000 cps the cross-
telk in an adjacent channel is down ap;ro:inately 60 db. Good design
characterisiics asimed at are low crosstall, maximum output, uniformity
and long 1ife.

Type X 153C utilizes electric deflration, type X 153G magnetic
deflecticn, The following data are of ‘r’+ reat:

Accelerating ancde volte 2000 2000 1000
Aperture anode volte 2000 2000 1000
Dynode vults 500 500 500
Deflection factor 135-170 70 £0
volte/inch geuss/inch geuss/inch
Dyrcode currents (in mA) 1 30 12
Dynode load rasistance 50,000 1000 5000
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The noties crrtritution is nnde up of shot fffret, eccondery-
emireion noise, :ud theriel spitaticn nciee. The toted nolce power iv
asproximetely tae seme e that f a pentcde amplificr.

it frllswe from the szbove that the Cyclephon is essentielly -
en "outjut® tuhce 1n eiesnaling multiplex circults, arc thus not directly
adanted to our um neede. It is stated, however, thet the tube also
con be uced ns un "Ipput" tubte, sad probehly this is dene by using the
dynsdeg 98 injui electrodes, end tnking tie output from the "sirnel in"
contact in Fip, v, Correeponderce for clrrification or thic poinl hag
tcen rntered into,

3, The Not'ora) lprion Hodio Corporsticn_iiadipl feam Tubesg REM10G-1
and RBE)2G=1

Thege tubes hLave at the mcst 12 electrodes, tut it Js poseible
tiet tubee with mcre nlectrcdes ‘will be avnilable at a later time
(correspondence Initinted). The tubes are of coaxial type with a
cylindrical shield, which hes 12 windows. Eehind each window a pair
of paraxial wirer servees ns e copntrol gric¢ for the current to the anode,
placed behind tre grid wires. Therc is an inner grid clorely surround-
ing the cathode. The electron beam has the form of a sheet of electrons,
vhirled around cithier by mecens of an eleciric or a magnetic field.
Disferent "input®™ and "output" tubes are used Iin a time division multi-
plex circuit, %he input tube has the grid leads brought out individually,

-aad this tube ie¢ the one of interect to ua, A simplified circuit

diagram is shown in Fig. 2, representing tubes RBM10G-1 magnetically
focuvnsed. It hrs only 10 elecotrodes.

The various resictors Ry, Fp, R3, end R; provide part of a
two-phesc voltage esupply syastem vsed in cornection with focussing end
clircular deflection or suppreseion of the undesired beam. The beam in
slweys prevented from passing to the. anode by a lerpge nepative voltage
on the proper control grid.

The mogn~tic field is most essily obtained by using the etator
of a small polyphase two-ponle synchronous motor. 1In the gap c¢f such a
rlator there are only two poles to the field so that the linee of force
*re parallel to the diameter. Other circuits for the production of the
rotating marnetic fleld are piven by the mannufocturer, Of rpecisl in-
terest are circulis for obtalning miltiphrse from single phase uzing
tured reactances or RC phuase splitters. 1n connectinn with frequency
rultiplie- tion or {reguency division circuits, the 60 or 40C ecre supply
could be used (in the mast only /00) yieldinp a 200 or 100 cps twmo-
rhase output. Vacuum tube oscillators, usinp N tubes in a ring, will
give N or 2N phase outpui, and may also be of interest.,

The following characteristics are of interest for RBM10G-1:
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Inrer gril velteg: - 15 volt T & I | jf‘i

Sereea vcoltare + 90 veclts

Ancde voltare ~125 volts

“uprrecsion grid voltege Four phases n.c. voltoge
~ 90 V pealc per phase

Suppresclon gric bire vceltace -20 volts

Berm current 5 mA

(bviously ¢ supdressor grid is insertad, slthough not mentioned by the
renufectursr in the supplied text,

The =lectrostatic~lly focussed (and circularly deflected) tubes
are made much the esme way =8 the megneticelly focusred ones. The elec-
tro:tatic field is eestrblished by applying suitable voltages to a number
of screen segmentr, surrounding a centrel cathicde. For inetance, in a
tuve with 1ix rercen eegments, a six-phase voltage spplied to the seg-
mente resultis in a rototing electroatatic field much in the manner of the
rotating mernetic field in the stator of a six-pole elestric motor. A
eix pegment. tube handles twelve grid-plate systems, half of them via
€lits in the cesmente, the other half via the cpenings between regments.

Of opecial irterest it a graph given by the mapufecturer, show-
ing the sncde current in mA versus the signel control voltage in volts
(referred to cuthode). Three cheracteristics are given, the one for
minimum supply voltage (type 1 in table below) almost straight end ex-
tending from O to ~17 volts, and C to 0.4 mA (peak value). An equi-
valent, amplifying triode, would have a transconductance cf roughly
0.4/17 & 0,02 mA/V, which would be very low, and suppoeedly operate with
a maximux, peak voltage of 8 volts, snd a minimum peak voltage of 0.1
volts, or so. This switching tube may therefore require an input of the
order of volts, and may not operate at al) on inputs of the order of
millivolts. (Information on this point hes been requested from the mamface
turer.) Typicel operating conditions are:

I 11 111
Soreen Voltage (rms, 6¢) 150 V 250'V 283V
Cathiode Voltage g v 13 v 152 v
Anode Supply Voltage 300 V 400 V L50 v
Peak Anode Current 035 mA 0.7 mA 0.8 mA

4. Conglupjons

No conclusions eshould netually he drawn at this time due to the
very meager informetion presrntly avaiiuble on switching tubea., Again,
cartrin fecls are known, such es the number of electrodes, in the "Federal®
tube 25, and in the "Union" tube, 12. "Federal” may not be suitable as
"iaput® tube, while "Union® wmakes such tubes. It appeers thnt all d.c.
electrode voltages can be obtained from rectification of 400 cps on top
of the mast. The focussing and circular defleotion voltage can probably
also be obtained frcm 400 cps via divider end single-to-multiphase cir-
cuits, but other eltern-tives sre open, such es the use of tube oscillators

with proper frequency control circuits. One problem of importance son-
cerne t''e synchronizaticnm,

. , A A}
‘4‘" maa N A as ;""'J
P
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Az ¢ Tiresthand suggestiion, bas>d on the inc:mplete information
availetle, Fig. 3 ehows a poselble arrangexsnt for 12 channels, using
thz "Union" tuns RBE12G-1. To ascure contimuous and ccrract synchrorni-
sation it is cugzested that & synchrorisation pulse is derived from the
s=i‘ching tube And ured to start off the radiel aweep or the PPI tube at

the proper instant. This can be done if = snmall synchronization electrode
is inserted in the tute ee shown,

Tne LOO cpe line feeds into a frequency divider 1:4{, coneidering

that the earlier asruampticn of fﬂ =2 100 cps £till holds.® For eimplicity

a waltivibrater is shiown lu lie Linclion of frequeucy divider, oscillat-

inr on 100 ops snd synchronized on its fourth harmonia., The 100 cps

output je filtersd and the sinuecidal component applied to 2 single-to- .

trkree phase converter, that is utiliged to deliver & eix-phase voltage ;

“v the RBE tube. This voltage makee the electron beam spin around 100 :

times per easond, delivering the time division separated ohannele on the

torminais marked "out." At the PPL tube a saw~tooth generator ig used

to produce a 100 ops output. To Jllustrate this function s grid synchroniszed ;

gos triode has been chosen. The aynchronizaiion signsl kicks off the ;

baakstroke when channel No, 12 is connected so thet the radiel sweep

starts off with sufficient socurecy from the center of the screen at the l

time the eignal from channel 1 1s in progress to develop. {
I
!

It should be noted that several circuits shown in Pig. 3 are
merely symbols, illustrating the various functions. When the desipgn
work commences these individual circuits shall have to be aritically
ecrutinised, and other circuites considered which mey show better perform- i
anse, greater simplicity, or better suitability with respect to available
cozponents and parts.

* See report of September 27 on the overall electronic aystem, page 3,
whers the value fg = 100 is used as setisfactory for the pressataticn
circuits when no particulsr sonsideration is givsn oll the poasible
optical soanning and cell ipput circuits that may be used.
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Vepnetic Amplificrs fer the
} emiepheric Search Neiccter, Model

Octoter 3, 1942

Herr;: Steckean

1. General

The foilcwing i¢ cssentially a bLidef orlentation 3n the field
of mngretic smplifiers, extendcd in case of the gecond harmonic type to
a dircvacior concerning the herispheric seorch detector applicaticn.
Three kinds of oarnetic ruplifiers are discussed in the text; the con-
trol circvit type, extensively used in the pover engincering fleld,
the sucond harmonic type, end the airborne wegnetic detector type.

Yhile ree<urch vork con msgnctic arplifiers in the power engineer-
ing field has beon carricd out during the last ifcrty years, or so, (see
l1ist of literatur:c st end ef report), corresponding research work on
weak signal amplifieras !s Jjuct comzencing. An exception here is the air-
Yorne magnetic detector, on which extencivo recearch work was carried
out during tne war, tut the resecarch problem of this detector is some-
what different from thet of the cell emrlifier in the hemispheric search
detector. Accordirgly it is difficult to predict at the present state
of the art whet the finally no-2pted principle of operation of the ocell
amplifier will dbe, ard it is felt justified to mcntion all kmowr types

of megnetic amplificxs, a“thcush the eecond type discusced appears most
pronising.

toptrol Cireudt iype of Auplifiex

2 magnetic amplifier inclvdes, as an cesentisl component, a
ferrcmegmetic device with adjustable incuctance. The conventional
magnotic amplifierr is msupnlied from an e.c. source, and the ferromag-
neti: device contained inm this mnyretio anplifier is then a aaturable
reactor, or trsnpductor, or trenszducer. Otherwise there 1s no clear
dislinction betweer vhat is meant by a "saturable resctor” and & "mag-
netic amplifier," and the terms are used indiscriminately.

Initiaily a wagretic amplifier uway be defined sa an arrangement
of electric and saturable magnetic circuits interlinked in such a way
thet & small d.c. current serves to control taie reactance of an a.c.
circuit, thus controlling the flow of a.c. power to the load. Only one
tdmp.e circuit will be shown for the purpose of 1llustrating the principle,
Se¢ Mg, 1. The a.c, ond d.c. windings are so polarigzed that there is
no n.c. output at the d.c. control terminals. (A more elegant solution
18 to use only vae ccre with more than two lcge.) When the d.c. current
is changed, the magretic properties of the coras are changed, and thus
the load conditions on thc a.c. input side controlled. Many variations
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of tne eircudt In Fig. 1 exist. Xven a small change Q 14 may cause,
eith proper oxrating polnt, a large change A1, so that poritive power
amplificetion, r & P 7 + APy obtains. For equal impedances, then,
+ lf)]']‘ b +Ald-

0C epeclol :ntercet ls the ceif-saturnted reactor, which utilizes
feadback with or without the need for un aiditicnel foedback winding.
Guarally *re fecd buck ic arranged s~ th~t o rectified d.c. component is
obtrired fcm thc z.c. side, which comporent, for positive feedbaack,
aida the d.e. cortrol cwirent. The result of thie reinforcement is that
a gz ver. avorage saturrtion of the ccre is acn'eved with & smaller value
of tontrd) current than would be riquired without feedback. 1f too muoch
feeduack 1 used instadbility resulte, anc under favoresble conditions,
cszfilations. Vhken fredbtuck 1s obiained without the need for extre wind-
ing-, 1t ey be terwed self-reedback (sclf-exitation). #hen extre wind-
in; or winding: ~rc required, it nmey be toermed external fecdback (ex-
ternul exitation).

¥aymetic grplifiers uar also be provided vith nepgative feed-
bass to improve linerrity.

in application circult of specisl interest has been given by

lledatroem and Rcrg, Ileotronics, September, 1548, p. 91. It is said
that this circuil is suitable for amplifying currents from protocells
and thermocouples, Again, this doee not mean that the noise properties
of the circuit are sc good that superiority over tube amplifiers obt-ins,
particularly ee the vpplicrtion referred to concerrs vastly stronger
signala than tke cner encountered from the cells in the hemiepheric

search detector, Amplifier circuits of this type may give pcwer ampli-
" fleetion i excess of 10”7 times. Leaving noise cut of considerationm,
this would indicate thet a voltrge of 10=9 volts would be amplified to
become at least 10-5 volta, or 10 microvolts.

For fast response hipgher exitation frequency is pneeded. The
inductance of the windings can then be reduced for the same impedence,
which reduces the time constant of the system. In general, equivalent
magnotic ouplifiere operating at different frequencies can respond in
the pame mumber of cycles, thus the hipgher frequency unit has the frater
response.

3. Brlanoed Segccpd farmonls Circuits

This solution apreare perticulrrly attractive to the hemispheric
search detector applicetion, This js evident if the solution with a
conventionel tube emplifier and a high secondary inductance tranaformer
is concerned. With a cut-off frequency of, say, 1 cps, and a required
secondary ixzpedance of 1 megohn, a secondary inductence approaching
100,000 henry would be desiratle, Such a value is out of the question
for the small space available for the cell amplifier in the hemispheric

P
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search detector. If a more suitable couplinpg elcment was made available, .

the powes amplification of the tube could be relied upon to yleld a
sufficiently low noice figure for the entire unit,

If a mngnetic amplifier can be used in such » way that does not
depgrrde the sipgnnl-to-noise ratio cf the cell, it appenrs to offer high
promise because thre meccndary inductance need only be high enough %o
vield an impedance of one megohm at, say, 5000 cps. The required value
of secondary inductencc is mow only 10 to 20 henrys.

The principle involved in this {;pe of megnetic amplifiers is to
wake uce of certain hysteresie properties of ferromagnetic core material,
with the useful output in the form of a second hsrmonic. The utiliszed
rhenomena date back to Lpstein, 1902, and at lenst for one group of
phenomena the principle may be formulated aa follows: 1f e sinusoidal
voltapge is applicd to the primary of a transformer conteining a ferro-
marnetic core, o an amplitude sufficient to extend the hysteresis loop
into the region of saturetion, the potential aprearing on the eecondary
windin; will pcscess the same frequency and odd hermonice. As long as
the hysteresie loop is eymmctrical (vith respect to the oripin), this
+111 be the cece, eince the aymmetry preciudes the production of cven
tarmonics. If a swall direct current flux is superimposed on the trans-
forzer, novever, even hrrmonice wil) slso appear in the output.

To remove the fundamental sipnal and the odd harmonice from the

output, the following arrangement may be used. Two coree with, primaries
» Lo(a.e.), secondaries L, L, (a.c.), and control windings LeY Lg

(d.c. blos) are used, the secondarics connected in serice in such a

way thrt the funiementel and odd harmonics cancel out, vhile the even
haizmonics 111 edd, See Fig. 2.

The a.c. output can be ured as a measure of the d.c. tias control
voltage or current., !egetive (or positive) fesdback can be added ea
indicated symbolieally by the dotted vindings L,, L~, and better linearity
cbtained. The second hrrmonic from the pick-up winéiags L,y Lg is am=-
p-ified ard dotected, nnd the d.c. fed back nround tho corés iR such a
wny thai the mepnetaic ficld opposes the bias field. Chields of per-
malloy and copper ace uecd to prcvent influcnce from ex*ernal fields,

su:hdaa the enrth mipnetic field. Chocke and vibrations must be elimi-
nauved,

The a.c. output may be tLuned to the cecond h» monic up to the
1421t set by varicus ctrtility concitions. This greatly incrcases
the rensitivity. The sencitivity ipcrecascs with a.c. input until a
penk 1s cewuched, end then falls off. For prentest strbility, it is
best to operate at the edpe of th’e latier replion, i.e., just beyond
saturation. The open-circuit sensitivity for a certein iected marnetic

amplifier was 43 millivolts X‘OOt':’(‘an-squ}Jrn 8900M01‘}’ output per micro-
fapere input,
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A cause of tluctuctions is the discontinuities in mapnetization
{Parkl:ausen 2Ifect). Sfuch fluctuations may be below 0,01 microampere
in the marnetic amplifier referred to above. Another fluctuation,
Ynowr. as tho “hackground” i1s caused by the fact. that a wask secnrd her-
mon' : appears im tihe output even #hen ilhicre is no input. If cancelled,
th's eecond harmonic gets a variable ze:o level, which mey be considered
us & nolsc source, although ‘ke porlod of fluctuation may be very long.
.t pkould be poesible to introduce proper automatic gero rostoretion
cirenite,

Informaticn on noise level indicetes thet input cw'rents as
emall a8 8 microumpcres has been used in practice and C0.04 microamperes
has been detected, or 10 microvoite (iaput impedance 250 ohus). Tris
menns thnt the input power is of the order of 10713 watts, 1hile the
a2ipgnal pover available to operrcte the siarch detector may be of the
order of 10~19 watts, roughly, thus the difference being 106 in power,
or 107~ in voltape. Thie is not too diccouraging.

Thiz wrthod may be referrnd to as the "second h-ormonic balance®
rrincipla.

4. Ihe Magnetdc Adshorna Detcytox

The principle of the airhorne "narnetometer" is as foliwwa:
Two thin cores of highly pcrmesble al'oys are arranged parallel to each
other, Uea Fig, 3. The ccrea are paturated simul tanesously and the
vcltages acroas the two primaries are alwnys equal. The cores lFaive
cpposite poirrity. If the cores ore pd:oced paraliel with the fiild
Jines in a 2£ixed wurretic fie'd, one ccre vill saturcte a 1ittle ' it
earljer, the cthe e 11ttle bi. later. Taus, thrcugh a short mom:nt,
the z0ilo will no* have equal jmyedances and wiil sot have equal 1:)tages,
! gecondnry cnll g arrnanged so that nermally ther: is no chenge ia the
rrclosed filelé and no emf 18 induced. Lucline the s: ort moment of .t-
squality in impednnce &nd mapz izatior, » pulsc will be produced I
the scconuasy, which i rectiied in a cpeciel circuit and ylelde a
Guce cntout  Por emel) extenal fields the amplitude of this pulse ‘s
sropoercioral Lo the Zield atrength, Seturnticn iz produced even by
“ury woe' flelds. A aeparate d.c.-fed ceoi’ 4s arranged ro as to buck
cat the enrth’a magnetis fleld, go that the mrgnetomcter will measutre
only the ena’l unbaienced fie'd. The buciing current !s supplied putc.
n-uiocally,
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It appears that the simplest connection of this amplifier to e
cell would be to direotly turn the r~dinticn sirmel into a mapnetic
field, and expoee the magnetometer to this flelid as if it mare an earth
magnetic field verirtion, No compensation is then needed or desirable,
as the signel fleld appenrs and vanishes from a zero-level set by John-
son noise in the combinntion of thc cell impedance and the magnetometer
input circult impedance. As the impedancs level may be very low, a few

ohmg, the Jchnson noise level 1s very low. A tentative circuit is
suggested in Fig. 4.
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Report on a Discuseion with Dr. G. B, B, M. Sutheriand

R. Clark Jones

o~

Uciober 13, 1548

Dr. G. B, B. M, Sutherland, who is one of the outstanding
English anthorities in the infrared field, visited the Poleroid Cor -
poration on Wednesday, Cctober 6.

On the basis of the authorization granted in a letter datec
October 4 from Captain John G. Johne, Commanding Officer, Boston Brinch,
Office of Naval Research, the hemisphere search detector study cont rast
was discussed with Dr. Sutherland in detail for about two hours in tbe
morning of October 6. During this discussion considerabl. attentic:
was pnid to the protlem of obtaining a strip of lead sulfide cells >
the corfiguration required for the l1€-element scenner,

Dr. Sutherland thought that 1t was quite {easible to constr o
in a single evacuated envelope the array of 18 photoconductive strios
shown in the mlddle figure on page 4 of the report dated August 18,
1948, by Grey end Jomes. Dr. Sutherland furthermore thought that tie
comnorit detector rould he made edther by the chemical ar hv the avyios-
ation process. A specific design was worked out wl.ih will £it in ths

availeble space, and vhich will permit the elements to be cooled tc
liquid zir temperature.

Dr. Sutherland felt confident that the composit detector ccild
be marw.factured by the 3ritlish Thompson-iicuston Company ai Rugby, Eaig-
land.

CONFIDER ' 43,
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